An efficient and well behaved capital market can be regarded as a prerequisite for the sustainable financial development for an economy. For making the stock market efficient and reducing uncertainty, volatility measure is necessary for the policy makers. The main objective of this paper is to examine relative ability of various models to forecast future volatility and to devise appropriate volatility model for capturing variability in stock returns of Dhaka Stock Exchange (DSE). By exploiting daily data spanning from 27 th November, 2001 to 31 st July, 2013, it was found that, from volatility persistency perspective MA(2) − GARCH(2, 1) is better due to both in sample and out of sample accuracy. In contrast, from capturing asymmetric effect perspective MA(2) − EGARCH(1, 3) is better. Thus, there was no clear winner and hence the decision should depend on the purpose of the concerned people.
Introduction
Stock Market volatility is the variability in stock prices during a period which is perceived as a measure of risk by investors. It may affect business investments, financial market performance and economic performance directly [1] [2] [3] .
Volatility of stock prices reflects uncertainty in the market. A rise in stock market volatility can often be interpreted as a rise in equity and thus a shift of funds to less risky assets; this move has been known to lead to a rise in the cost of DOI: 10.4236/tel.2018. 814199 3204 Theoretical Economics Letters funds to firms [1] . The understanding of stock market volatility could be useful in the determination of the cost of capital and in the evaluation of asset allocation decision. Policy makers may rely on estimates of market volatility as an indicator of the vulnerability of financial markets [4] [5] . Thus, the specification of appropriate volatility model for capturing variability in stock returns has a significant policy relevance to economic decision makers. Moreover, the ability to model and forecast volatility of asset returns is vital for investors in decision making about risk management and portfolio adjustments.
Like other developing countries in Bangladesh stock market is an emerging market but has been experiencing inefficiency from its inception. To make the market efficient and reduce uncertainty, volatility measure is necessary for the policy makers. The main objective of this paper is to examine relative ability of various models to forecast future volatility and to devise appropriate volatility model for capturing variability in stock returns of Dhaka Stock Exchange (DSE).
On this background already an enormous amount of effort has been made from the researchers to model the variance dynamics of stock market return and its different characteristics in Bangladesh [6] - [15] . Some of them have given effort to find only the volatility persistency property of the stock return, some tried to model only the risk return relationship while some other tried to forecast the volatility only. All the exercises tried to address the issue applying Generalized Autoregressive Conditional Heteroscedasticity (GARCH) family models developed by Bollerslev [16] . However, a few of papers have actually tried to figure out the best performing model for capturing the in-sample variance dynamics and out-of-sample variance forecasting. Also, identification of mean equation was either completely ignored or improperly identified and post estimation diagnostic checking was also improper resulting in some findings which could remain as questionable. The current study first aimed to develop appropriate mean equation and model the variance dynamics in stock return using number of linear and non-linear GARCH family models. Secondly it made an effort to select an appropriate in sample variance model while capturing its different feature and also tried to find out the best one while out of sample variance forecasting is the purpose.
The rest of the article is organized as follows: Section 2 provides an overview of existing literature, Section 3 discusses about data, variable construction and model specification and Section 4 contains the estimation results and findings.
Finally, Section 5 concludes.
Literature Review
Several researchers have examined the volatility of stock returns of Dhaka Stock Exchange (DSE). They considered different models for different time period and sample size and found contradictory results in some cases. Rayhan et al. [8] [7] empirically investigated the time-varying risk return relationship within a GARCH-type framework and the impact of institutional factors like circuit breaker on volatility for the stock market of Bangladesh. The results showed a significant relationship between conditional volatility and stock returns, but the risk-return parameter is found to be sensitive to choice of samples and frequencies of data. While lock-in did not have any overall impact on stock volatility, the imposition of a circuit breaker has contributed significantly to the volatility of realized returns.
With a view to capture the asymmetric effect during 90s Chowdhury [6] analyzed the time series behaviour of Dhaka Stock Exchange Composite Index returns using the EGARCH-M model for the sample period December 1, 1988 to May 31, 1994, totaling 1519 observations. He concluded that there is asymmetry in the volatility of stock index return and unlike in the developed stock markets, positive return shocks in Dhaka stock market lead to higher increases in conditional volatility. In-sample and out-of-sample forecasting accuracy has been considered by Rahman et al. [9] 
Model Specification
The perfect modeling of conditional mean can be considered as a prerequisite of correct model specification of conditional variance of stock market return.
Along with independent variables researchers of volatility modeling usually augment the conditional mean model either with Autoregressive (AR) or with Moving Average (MA) or even with a mixture of these two (Autoregressive Moving Average, ARMA) process [17] . In our case to serve the purpose we have used both AR (p) and MA (q) specification with sufficient lags in the following way: 1 The data has been limited to this period because of the change in Index definition during 2013. ε is a white noise process. For modeling the volatility in stock market return using the above two different types of mean equation, the variance equation is specified following family of GARCH models namely, Standard GARCH, APARCH, EGARCH and IGRACH models. GARCH models developed by Bollerslev [16] are superior to their earlier versions called ARCH developed by Engle [18] as they ensure improvement in efficiency due to required estimation of lower number of parameters. However, consider the following general specification of the variance model:
, and specification of t h will determine different varieties of GARCH family models while each of which will serve specific purpose. For analyzing the different feature of stock market return by modeling its volatility we have estimated the following models:
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Here, in GARCH(p, q) model, p and q denotes the lag order of GARCH and ARCH terms respectively. In order to have well behaved variance restrictions on the parameters needed to be imposed, for instance, 0, 0
The volatility persistence will be measured by summing up the ARCH and GARCH coefficients ( ) α is the parameter measuring leverage effect and hence named as "asymmetry parameter", finally i λ is the parameter measuring magnitude of the shocks and thus named as "size parameter".
Since EGARCH expressed conditional variance as an exponential function unlike the earlier models it is not subject to nonnegativity restrictions.
Engle & Bollerslev [16] have pioneered the IGARCH model for modeling the variance which is nonstationary in nature. Thus, IGARCH can be characterized as non stationary GARCH model. In the above IGARCH(p, q) process the sum of ARCH and GARCH coefficients would be equal to unity and thus individually they would contain a value less than unit.
To choose among the conditional heteroscedasticity models we have compared their out of sample volatility forecasting performance. In particular different models with several specifications have been compared in terms of Root
Mean Square Error (RMSE), Mean Absolute Error (MAE), Mean Absolute Percent Error (MAPE) and Theil Inequality (TI) for identifying the most appropriate one with the current data.
Estimation Results and Findings

In Sample Estimation Results
As discussed in Section 3 it is imperative to identify the conditional mean model appropriately for modeling the volatility in concerned variable. Therefore, selection of estimation method of conditional mean model for stock return series is of vital importance. Figure A1 (Appendix) presents the time series graph of DSE General Index and their corresponding stock return series and Table A1 (Appendix) contains the summary statistics of the DSE General Index. It is quite evident from the figure that behavior of DSE General Index would be non stationary as the possibility of mean reversion would be very low. In contrast, since the mean reversion would possibly be quite frequent in stock return series it might exhibit the stationary behavior. To shed light on the perception we have from graphical analysis of this two series, statistical tests have been performed. ristics of the market in a more applied manner. The existence of volatility clustering in stock return series has also been found evident from the residual plot in Figure A3 (Appendix).
Since ARCH effect was present we have tried to model the volatility clustering using GARCH family models and explain the characteristics of the market while capturing its variance dynamics. To begin with we have estimated standard GARCH model both with AR(2) and MA(2) conditional mean specification. Table A3 (Appendix) and Table 2 contains the estimation results. As the results show in AR-GARCH specification the AR(1) coefficient is significant in all the models while the AR(2) coefficient was insignificant. Almost in all specifications the constant, η and the ARCH coefficient, α is positive and significant. However, though the GARCH coefficients denoted by β has been found to be significant in all specifications the sign for many of them was not conventional. Also as the results show in most of the cases the sum of ARCH and GARCH coefficients turn out to be greater than or close to unity implying that for those, variance won't remain well behaved. The one exception can be found in GARCH(2, 1) where the first ARCH coefficient along with the GARCH coeffi- be argued that none of them have ARCH effect. As the post estimation diagnostic results was found to be same for all but AR(2) − GARCH(2, 1) is the one which satisfies the restrictions, it can be treated as the appropriate one. Here the models were not augmented further as the coefficients were not found to be significant.
While the variance modeling was performed with MA mean specification the findings turn out to be almost same. However, MA(2) − GARCH(2, 1) specification has been observed to follow all the required restrictions with the similar post diagnostic properties as AR(2) − GARCH(2, 1). It is evident from the findings that among these two the former one have higher (8746.99) log likelihood than the later (8739.313), also the information criteria for the former one (SIC = −5.9597) is found to be lower than the later (SIC = −5.9585). Therefore, modeling volatility of stock return with MA mean specification has been revealed to be more appropriate than its AR counterpart. For introducing nonlinearity in the variance equation and analyzing the asymmetric feature of volatility in the stock market return we have estimated APACRH model. As MA specification was found to provide more appropriate result, for mean equation MA(2) specification was used. Table A4 (Appendix) contains the estimation results. In particular we have estimated MA(2) − APARCH(1, 1) model. Further augmentation has not been done as the coefficients were not significant. As the results show the coefficients α and β have found to be statistically significant with a positive sign. The power parameter δ is also positive and significant. Thus the model satisfies all the restrictions. The significance and sign of the coefficient, γ determines the leverage effect. Here, as the coefficient was not found to be significant, MA(2) − APARCH(1, 1) specification reveals that there is no leverage effect in stock market return in Bangladesh. Therefore, possibly there is no asymmetric volatility effect in the stock market return. The post estimation diagnostic results of this model show that there is no ARCH effect and there is no autocorrelation in the squared residuals.
As APARCH model failed to capture the asymmetric volatility effect which could potentially be present in the stock market, we have given effort to examine this feature using another volatility modeling approach called EGARCH. Unlike the earlier one it doesn't need to impose any non negativity restrictions while DOI: 10.4236/tel.2018.814199 3212 Theoretical Economics Letters capturing the asymmetric volatility effect. Also, along with "asymmetry parameter" it estimates another parameter called "size parameter" measuring the size of shocks. Thus in contrast to APARCH, EGARCH can measure the existence of leverage effect as well as the magnitude of shock. Table 3 contains the estimation results. In particular we have estimated EGARCH(1, 1), EGARCH(1, 2) and EGARCH(1, 3) for variance equation while modeling the conditional mean with MA(2) specification. As the coefficients have not been found to be significant we didn't augment the model further. Here β's are the persistence parameters, is the parameter and γ is the size parameter. It can be observed that in all specifications the persistence parameters and the asymmetry parameters are statistically significant. In particular, the asymmetry parameter was statistically significant with a positive sign. Thus there exists significant leverage effect and the effect of "good news" and "bad news" in the stock market return does not necessarily cause symmetric variation in the stock return. As the leverage coefficient is found to have a positive sign, it can be argued that positive shocks (good news) increases volatility more than the negative shocks (bad news) of the same magnitude.
The results on diagnostic indicators shows that MA (2) Finally we have given effort to model the volatility clustering in stock return addressing the restriction saying that "persistence parameters sum up to unit".
The rationale for this restriction is that earlier in some of the GARCH models it was found that the sum of the coefficients were close to or more than unit implying that the variance of stock return might be nonstationary. Imposing this restriction in standard GARCH models leads to IGARCH specification. Table  A5 (Appendix) contains the estimation results of different IGARCH specification with MA(2) conditional mean model. As the results show IGARCH(1, 1) and also IGARCH(1, 3) have autocorrelation and ARCH effect. But the IGARCH(1, 2) have no autocorrelation in the squared residuals and also there is no ARCH effect. It also satisfies the imposed restriction and the significance of persistence parameter indicates that there is volatility clustering in stock market return. It also contains maximum likelihood (8582.32) and minimum information criteria (SIC = −5.8526) compared to the other two.
Out of Sample Forecasting Accuracy
With a view to choose among the models we have compared the performance among them in terms of accuracy of out of sample volatility forecasting. The When we have tried to forecast the volatility in stock return while addressing the asymmetric affect it was found again that in terms of RMSE and MAE, MA(2) − EGARCH(1, 1), MA(2) − EGARCH(1, 3) and MA(2) − APARCH (1, 1) all are same. In terms of TI, MA(2) − EGARCH(1, 3) is better than MA(2) − EGARCH(1, 1) while its other way around in terms of MAPE. However, among EGARCH and APARCH, MA(2) − APARCH(1, 1) has the lowest value both for TI and MAPE. Nevertheless, earlier it was observed that APARCH model failed to capture the asymmetric volatility effect. Thus, if the purpose is to capture the asymmetric volatility effect along with forecasting then the appropriate model would be MA(2) − EGARCH(1, 3) as it was able to capture the asymmetric volatility effect appropriately. It also had maximum likelihood and minimum information criteria when full sample was used and have a lower TI value when out of sample forecasting is considered. Figure A4 (Appendix) contains the forecasted volatility along with the confidence interval for the aforementioned models.
Conclusions and Policy Relevance
An efficient and well behaved capital market can be regarded as a prerequisite for the sustainable financial development for an economy. The importance appeared to be even more crucial when the country is in early stage of development as characteristics and behavior of this market is and usually does maintain a close relation to the other macroeconomic indicators. Therefore modeling and forecasting the variance dynamics of stock market return in Bangladesh has gained a greater attention from the academicians and researchers, since the country has been trying to develop an efficient capital market from a long ago. [24] . In this regard, stabilization policy is required and the specification of optimal volatility model for capturing variations in stock returns makes a pre-condition for the monetary authority intervention.
In the above context this paper goes with challenge of exploring comparative ability of capturing in-sample and out-of-sample volatility of different conditionally heteroscedastic econometric models regarding stock market return in Bangladesh. More specifically, it explored daily data for the period 27 th November, 2001 to 31 st July, 2013 from DSE and has used different GARCH class models to compare their performance form in-sample estimation accuracy and out-of-sample forecasting accuracy perspective to come up with the best performing one. By developing appropriate mean equation for addressing the autocorrelation problem the paper compared different order of variance models namely, GARCH, APARCH, EGARCH and IGRACH. While concerning in sample estimation accuracy it was found that MA(2) − GARCH(2, 1) out performs AR(2) − GARCH(2, 1) following post estimation diagnostics. When nonlinearity was allowed in variance equation to capture the asymmetric effect MA(2) − EGARCH(1, 3) was found to be successful over MA(2) − APARCH (1, 1) . By assuming that variance could potentially be remained nonstationary it was observed that MA(2) − IGARCH(1, 2) has more in sample accuracy than its other counterparts. As far as out of sample volatility forecasting is concerned it was found that for only modeling the volatility clustering MA(2) − GARCH(2, 1) out performs the other. However, for modeling the volatility clustering addressing the asymmetric effect MA(2) − EGARCH(1, 3) provides more out of sample accurate result among its competing ones. Therefore, it can be argued with evidence that there is no clear winner. The decision mainly depends on the purpose of the concerned people. From volatility persistency perspective MA(2) − GARCH(2, 1) is better due to both in sample and out of sample accuracy. In contrast, from capturing asymmetric effect perspective MA(2) − EGARCH(1, 3) is better.
One potential shortcoming of the current effort could be that it did not in- Figure A4 . Out of sample forecasted volatility using different models.
